INTRODUCTION
The members of the class Coriobacteriia are a diverse group of Gram-stain-positive, non-spore-forming, non-motile bacteria capable of anaerobic growth (Haas & Nakazawa et al., 1999; Würdemann et al., 2009; Copeland et al., 2009; Mavrommatis et al., 2009; Saunders et al., 2009; Göker et al., 2010) . The class Coriobacteriia represents one of the deepest branching lineages within the phylum Actinobacteria, branching in the proximity of the phylum Firmicutes (Stackebrandt & Schumann, 2006; Yarza et al., 2008; Zhi et al., 2009; Gao & Gupta, 2012b; König, 2012; Ludwig et al., 2012) . Presently, the class Coriobacteriia contains 29 species grouped into 13 genera which are placed within a single order, Coriobacteriales, and a single family, Coriobacteriaceae (Collins & Wallbanks, 1992; Haas & König, 1988; Stackebrandt et al., 1997; Stackebrandt & Schumann, 2006; Euzéby, 2012; König, 2012) . The species from some of these genera, such as Atopobium, Olsenella and Cryptobacterium, are found to be associated with periodontal/endodontic infections, whereas species from the genus Eggerthella have been found in cases of severe blood bacteraemia Mavrommatis et al., 2009; Saunders et al., 2009; Göker et al., 2010) .
The interrelationships among different genera that are part of the class Coriobacteriia are not resolved in the 16S rRNA gene trees, leading to their assignment into a single family and a single order (Stackebrandt & Schumann, 2006; König, 2012) . The availability of genome sequences for many members of the class Coriobacteriia in the past few years allows determination of their phylogeny based upon larger datasets of sequences (Ciccarelli et al., 2006; Wu et al., 2009; Gao & Gupta, 2012b) . More importantly, these genome sequences provide a rich resource for the discovery of numerous molecular markers (or signatures) that The information presented in this table was retrieved from the NCBI Genome Database. In addition to the genomes listed in this table, the sequence for the species Atopobium sp. ICM58 -has also recently become available (NCBI, 2012) . However, our analyses indicate that this species is not related to the genus Atopobium or to the class Coriobacteriia. It branches distinctly from other members of the class Coriobacteriia and does not contain any of the CSIs described in this work that are specific for the class Coriobacteriia or its different subclades (results not shown). Hence, this species is very probably misclassified as a member of the genus Atopobium. Hence, sequence information for this species is not included in our analyses. *Genome sequenced by the J. Craig Venter Institute. provide independent means for ascertaining evolutionary relationships amongst bacterial taxa and for demarcating different bacterial clades in more definitive molecular terms (Gao & Gupta, 2012a , 2012b Gupta, 1998) . Currently, genome sequences for 22 members of the class Coriobacteriia are publicly available (Table 1) (NCBI, 2012) . Many of these genomes were sequenced as part of the Genomic Encyclopedia of Bacteria and Archaea project (Wu et al., 2009; Copeland et al., 2009; Mavrommatis et al., 2009; Pukall et al., 2009; Saunders et al., 2009; Göker et al., 2010) . These genome sequences allow us to reconstruct a robust phylogenetic tree for the members of the class Coriobacteriia for which sequences are available based upon concatenated sequences of multiple conserved proteins (Rokas et al., 2003; Wu et al., 2009; Gao & Gupta, 2012b also supported by phylogenetic analyses (Gupta, 1998 (Gupta, , 2001 Gao & Gupta, 2012a 
METHODS
Phylogenetic analysis. Phylogenetic analysis was performed on a concatenated sequence alignment of 15 important proteins (viz. CDPdiglyceride synthetase, GroEL, GTP binding protein, DNA Gyrase B, translation elongation factor Tu, DnaK, RNA polymerase b subunit, 50S ribosomal proteins L1, L2, L3, L5 and L22 and the 30S ribosomal proteins S5, S8 and S15). These proteins, whose homologues are present in most bacteria, have been extensively employed in phylogenetic studies (Gupta, 1998 (Gupta, , 2009 Harris et al., 2003; Gao & Gupta, 2012b) . Sequences of these proteins for different sequenced members of the class Coriobacteriia (Table 1 ) and two deep-branching members of the phylum Actinobacteria (viz. Rubrobacter radiotolerans and Rubrobacter xylanophilus), which served as outgroups in our analysis, were retrieved from the NCBI database. The multiple sequence alignments of these proteins were concatenated into a single large file and the areas of poor sequence conservation were removed using the Gblocks 0.91b program (Castresana, 2000) . The resulting alignment, which contained 4460 aligned characters, was used for phylogenetic analyses. The maximum-likelihood (ML) and neighbour-joining (NJ) trees based on 100 bootstrap replicates of this alignment were reconstructed using the MEGA 5.05 program (Kumar et al., 2008) employing the Whelan and Goldman (Whelan & Goldman, 2001 ) and Jones-Taylor-Thornton (Jones et al., 1992) substitution models, respectively.
A NJ 16S rRNA gene tree was also reconstructed for the all of the identified genera within the class Coriobacteriia. The sequences for this study were obtained from the Ribosomal Database Project (RDP III) (Cole et al., 2009) . A NJ tree based upon 100 bootstrap replicates of this dataset was reconstructed using the Kimura two-parameter substitution model (Kimura, 1980) in the MEGA 5.05 program (Kumar et al., 2008) .
Identification of Conserved Signature Indels (CSIs). To identify CSIs, BLASTP searches were performed on each protein sequence from the genome of Coriobacterium glomerans PW2 T (Haas & König, 1988) . For proteins where high scoring homologues (E values ,1e
220
) were identified in other members of the class Coriobacteriia and species from some other bacterial groups, multiple sequence alignments were created using the CLUSTAL X 1.83 program (Jeanmougin et al., 1998) . These alignments were visually inspected for insertions or deletions that were restricted to either some or all members of the class Coriobacteriia and which were present in minimum of 250 BLAST hits were examined for the presence or absence of these CSIs to ascertain their specificities. All CSIs that were primarily restricted to members of the class Coriobacteriia were independently evaluated to determine their species specificity and the relationships among the members of this class that they support. We present, in this paper, the results for only those Coriobacteriia-specific CSIs where similar CSIs were not observed in any other bacteria in the top 250 BLAST hits. In the sequence alignment files shown, we present information for all detected homologues in members of the class Coriobacteriia but only a limited number of species from other bacterial groups. However, it should be noted that for some proteins containing these CSIs, their homologues were not detected in all members of the class Coriobacteriia.
RESULTS

Phylogenetic analysis
The genome sequences for 22 members of the class Coriobacteriia are now available in the NCBI database. Some characteristics of these genomes are listed in Table 1 . The genome sizes of these bacteria vary from 1.43 Mb to 3.6 Mb and their DNA G+C contents range from 45 mol% to 65 mol%. The evolutionary relationship among the members of the class Coriobacteriia has thus far been examined solely on the basis of phylogenetic trees for 16S rRNA gene sequences (Yarza et al., 2008; König, 2012) . However, their interrelationships in these trees are not reliably resolved, leading to placement of all genera from this class into a single family/order. The phylogenetic trees derived from large numbers of conserved genes/ proteins provide greater resolving power than those based on any single gene or protein (Ciccarelli et al., 2006; Wu et al., 2009; Gao & Gupta, 2012b; Rokas et al., 2003) . Hence, the evolutionary relationship among the sequenced members of the class Coriobacteriia was determined based upon concatenated sequences of 15 conserved proteins involved in important housekeeping functions (Gao & Gupta, 2012b; Gupta, 2009) . Phylogenetic trees based upon this dataset were reconstructed using both ML and NJ methods and the results are shown in Fig. 1a . The tree shown here is a ML distance tree but it depicts the bootstrap scores for various branches in both the NJ and ML trees.
In the concatenated protein tree, which was rooted using sequences from species of the genus Rubrobacter, the members of the class Coriobacteriia formed a strongly supported clade. Within this clade, the different species clustered into two distinct clades. The first of these clades (Clade I) consisted of the species from the genera Coriobacterium, Collinsella, Atopobium and Olsenella, whilst species of the genera Slackia, Cryptobacterium, Eggerthella and Gordonibacter formed the other main clade (Clade II) (Fig. 1 ). An unclassified member of the class Coriobacteriia, Coriobacteriaceae bacterium JC110, also branched with the Clade II species. Within Clade I, two smaller clades, one consisting of the genera Coriobacterium and Collinsella (Clade Ia) and another comprising the genera Atopobium and Olsenella (Clade Ib), were also well resolved. In parallel, a phylogenetic tree for the class Coriobacteriia was also reconstructed based upon 16S rRNA gene sequences (Fig. 1b) . This tree also included many other genera within the class Coriobacteriia for which genome sequence data is lacking. The 16S rRNA gene tree in Fig. 1b also shows two clades of organisms within the class Coriobacteriia at the highest level. Although these two clades are only weakly supported in the rRNA tree (Fig.  1b) , consistent branching has been observed in other trees based upon 16S rRNA gene sequences (Yarza et al., 2008; König, 2012) .
CSI supporting a specific grouping of the class Coriobacteriia with the phylum Actinobacteria
In our recent work, a number of CSIs and conserved signature proteins were identified for different clades of the phylum Actinobacteria, including some that were shared by all classes within the phylum Actinobacteria except the class Coriobacteriia (Gao & Gupta, 2012b; Gao et al., 2006) . However, in the study by Gao & Gupta (2012b) no signature was identified that was commonly shared by the class Coriobacteriia and other classes of the phylum Actinobacteria. This observation, in conjunction with the deep branching of the class Coriobacteriia in comparison to other actinobacterial classes, led to questioning as to whether the class Coriobacteriia should or should not be a part of the phylum Actinobacteria (Gao & Gupta, 2012b) . However, more detailed analysis of genomes from the class Coriobacteriia reported here has identified one CSI that is uniquely shared by all members of the class Coriobacteriia and different members of the phylum Actinobacteria. In the enzyme deoxyuridine 59-triphosphate (dUTP) nucleotidohydrolase, which is involved in pyrimidine metabolism (Mol et al., 1996) , a 1 aa insert in a highly conserved region is uniquely shared by all 22 members of the class Coriobacteriia for which sequence data is available as well as by other members of the phylum Actinobacteria (.250 sequences available from partially or fully sequenced genomes) (Fig. 2) . However, this CSI is not present in any other bacterial homologues within the top 500 BLAST hits. The unique shared presence of this CSI in the class Coriobacteriia and other members of the phylum Actinobacteria provides evidence supporting the placement of the class Coriobacteriia within the phylum Actinobacteria.
CSIs that are specific for the class Coriobacteriia
The CSIs in genes/proteins that are restricted to a given group of related species provide very useful molecular markers for evolutionary studies (Gupta, 1998 (Gupta, , 2009 Gao & Gupta, 2012a; Rokas et al., 2003) . The unique shared presence of these highly specific molecular markers in a related group of species is most parsimoniously explained by the occurrence of rare genetic changes that resulted in these CSIs in a common ancestor of the group, followed by vertical transmission of these CSIs to various descendant species (Gupta, 1998; Gupta & Griffiths, 2002; Rokas & Holland, 2000; Gao & Gupta, 2012b; Gogarten et al., 2002) . Hence, these CSIs represent molecular synapomorphies of common evolutionary descent and they provide useful markers for identifying different groups of organisms in molecular terms and for understanding their interrelationships independently of phylogenetic trees (Gupta, 1998; Gupta & Griffiths, 2002; Gao & Gupta, 2012a, b) . In the present work, a comprehensive study was carried out to identify CSIs that are primarily restricted to different members of the class Coriobacteriia for which sequence data is available. These studies have identified 66 CSIs in diverse and important proteins that are specific for members of the class Coriobacteriia. Information regarding the species specificities of these CSIs and their evolutionary significances are discussed below.
Of the CSIs that were discovered in this study, 24 are specifically found in different members of the class Coriobacteriia (Table 2) . Two examples of such CSIs are shown in Fig. 3 . The first of these CSIs is a 10 aa insert in the transcription termination factor NusA (Fig. 3a) , whereas in the other case an 18 aa insert in the enzyme methionine adenosyltransferase is specifically found in various members of the class Coriobacteriia (Fig. 3b) . Both these CSIs are located in highly conserved regions of these proteins and, apart from members of the class Coriobacteriia, a similar CSI was not observed in the protein homologues from top 250 BLAST hits. Sequence information for 22 other CSIs in diverse proteins that are also specific for the class Coriobacteriia is shown in Figs. S1-S22 (available in IJSEM Online) and some of their characteristics are summarized in Table 2 . Homologues for some of the proteins containing these CSIs were not detected in our BLAST searches in a few members of the class Coriobacteriia. Hence, sequence information for these is not shown in the alignment files.
CSIs that distinguish two major clades within the class Coriobacteriia A set of 16 CSIs identified in the present work in a broad range of proteins are uniquely shared by different members of the genera Coriobacterium, Collinsella, Atopobium and Olsenella for which sequence data is available. The unique shared presence of these CSIs in members of these genera provides strong evidence that species from these four genera are specifically related and that they shared a common ancestor exclusive of all other bacteria. A close relationship among members of these genera is also observed in the phylogenetic trees (Clade I) (Fig. 1) . Two examples of the CSIs that are specific for the members of this group within the class Coriobacteriia (Clade I) are shown in Fig. 4 . In the first case, a 6 aa insertion in the protein methionyl-tRNA synthetase is specifically present in the Clade I species (Fig. 4a) . In the second example, a 2 aa insertion in the DNA-directed RNA polymerase subunit b (RpoB) is uniquely found in this clade of bacteria (Fig. 4b ). Both these CSIs are present in highly conserved regions and, except for all members from the above four genera for which sequence data are available, which are part of Clade I, they are not found in any other bacteria. Sequence information for 14 additional CSIs that show similar specificity for this particular group of the class Coriobacteriia are provided in Figs. S23-S36 and some characteristics of them are summarized in Table 3 .
Another large group of 10 CSIs in different proteins are uniquely present in the species from the genera Eggerthella, Cryptobacterium, Slackia and Gordonibacter for which genome sequence data is available as well as in the unclassified bacterial strain Coriobacteriaceae bacterium JC110. The members of the above genera are also found to form a monophyletic clade in our phylogenetic trees (Clade II) (Fig. 1) . Two examples of the CSIs that are specific for this group of the class Coriobacteriia are shown in Fig. 5a and 5b. In the first example a 4 aa insert the translation elongation factor Tu and in the second example a 9 aa insert in tRNA-guanine transglycosylase are specifically present in these genera of the class Coriobacteriia, but not in any other bacteria. Sequence information on eight other CSIs that are specific for this clade of the class Coriobacteriia is depicted in Figs. S37-S44 and some of their characteristics are summarized in Table 4 .
CSIs those are specific for other smaller subclades within the class Coriobacteriia
In addition to the CSIs those are specific for the above two main clades, two smaller clades within the class Coriobacteriia were also supported by significant numbers of the identified CSIs. Eight of the identified CSIs were specifically present in members of the genera Coriobacterium and Collinsella whereas seven other CSIs were only found in members of the genera Atopobium and Olsenella. The species from these genera also group together in the phylogenetic trees based upon both concatenated proteins and the 16S rRNA gene sequences (Clades Ia and Ib in Figs. 1a and 1b) . One example of a CSI that is specific for each of these two groups is provided in Fig. 6 . In the first case, a 1 aa insert in the protein nucleotidyltransferase is specifically present in the sequenced members of the genera Coriobacterium and Collinsella (Fig. 6a) , whereas Fig. 6b shows a 2 aa deletion in an aminotransferase protein, which is specifically found in sequences from members of the genera Atopobium and Olsenella. Sequence information for other CSIs that exhibit similar specificity to those shown in Fig. 6 is provided in Figs. S45-S57 and their characteristics are summarized in Table 5 .
In addition to the CSIs described above that are specifically present in all detected members from the above groups or showing two conserved signature indels that are specific for Clade II (genera Eggerthella, Cryptobacterium, Slackia and Gordonibacter and Coriobacteriaceae bacterium JC110), but not found in any other bacterial group. Sequence information for other Clade II-specific CSIs is presented in Table 4 and Figs. S37-S44. Partial sequence alignment of a class V aminotransferase protein containing a 2 aa deletion that is specific for species in Clade Ib (genera Atopobium and Olsenella). Sequence information for other CSIs that are specific for the species in Clade Ia or Clade Ib is presented in Table 5 and Figs. S45-S57.
clades of the class Coriobacteriia, our analyses have also identified a limited number of isolated CSIs which support relationships that are incompatible with a vast majority of the identified CSIs and our phylogenetic analyses. Sequence information for these CSIs is presented in Figs. S58-S66 and summarized in Table 6 . Most of these CSIs are also largely specific for the different clades or subgroups of the class Coriobacteriia that have been discussed above. The absence of a particular CSI in a limited number of species from a given clade can either result from a subsequent genetic event leading to loss of the indel or it can be due to gene exchange with a species that lacks the indel. However, these CSIs do not, in any way, contradict the consistent evolutionary relationships that are strongly supported by the large numbers of other discovered CSIs that are specifically shared by all members of these clades examined.
DISCUSSION
The class Coriobacteriia is currently distinguished from other bacteria mainly on the basis of branching of the 16S rRNA trees (König, 2012; Zhi et al., 2009) . Although some signature nucleotides for the class Coriobacteriia in the16S rRNA sequence have been reported, their specificity for this class of bacteria has not been demonstrated (Stackebrandt et al., 1997; Stackebrandt & Schumann, 2006; Zhi et al., 2009; Ludwig et al., 2012) . The interrelationships among members of the class Coriobacteriia in the 16S rRNA tree are not reliably resolved. Hence, all 13 known genera from this class are currently placed into a single order (Coriobacteriales) and a single family (Coriobacteriaceae) (Euzéby, 2012; König, 2012) . Using genomic data, in this work we have identified 66 reliable molecular signatures (CSIs) that are distinctive characteristics of a number of well-defined clades of the class Coriobacteriia at multiple phylogenetic levels. A summary diagram depicting the species distribution of the identified CSIs is shown in Fig.  7 . It should be noted that, in contrast to numerous CSIs that supported the existence of the clades shown in Fig. 7 , we have not come across significant numbers of CSIs that support any alternate relationship among the members of the class Coriobacteriia (Table 6 ).
The unique shared presence of large numbers of CSIs in different specific groups of the class Coriobacteriia is most parsimoniously explained by the occurrence of the genetic changes leading to these CSIs in the common ancestors of these groups (Gupta, 1998 (Gupta, , 2001 Gao & Gupta, 2012a) . The clades identified by these CSIs are also independently strongly supported by the phylogenetic trees reconstructed based upon concatenated sequences of 15 conserved proteins and the 16S rRNA gene sequences, attesting to the fact that CSIs identified by our analyses are shared characteristics of different monophyletic clades within the class Coriobacteriia. Thus, these CSIs represent molecular synapomorphies depicting the shared evolutionary histories of these taxa and they provide novel and reliable means to distinguish these groups of bacteria in molecular terms. Our earlier work on other CSIs has shown that they are highly specific characteristics of different bacterial groups and they retain their group-specificity as sequence information from additional taxa is obtained (Gao & Gupta, 2005; 2012a, b; Gupta, 2009) . Thus, based upon the presence or absence of these CSIs, new members belonging to these taxa can be identified and inducted into different clades of the class Coriobacteriia.
Of the CSIs identified in this work, 24 CSIs in different proteins were specific for all detected members of the class Coriobacteriia. Except for a few proteins, where their homologues were not detected in a few members of the class Coriobacteriia (possibly due to gene loss), the genes for these proteins are present in all other sequenced members of the class Coriobacteriia. Hence, these CSIs provide molecular means to distinguish the class Coriobacteriia from all other bacteria and delimiting this class in molecular terms. An additional 26 CSIs provided clear distinction between the two main clades of the class Coriobacteriia that were independently supported by the concatenated protein tree. The first of these clades, consisting of the genera Coriobacterium, Collinsella, Atopobium and Olsenella (Clade I), is supported by 16 CSIs, while the other 10 CSIs are specific for a clade that includes the genera Slackia, Cryptobacterium, Eggerthella and Gordonibacter as well as the unclassified Coriobacteriaceae bacterium JC110 (Fig. 7) . Additionally, based upon their branching in the 16S rRNA gene tree, species from the genera Paraeggerthella, Adlercreutzia, Asaccharobacter and Enterorhabdus, for which no genome sequences are available, are also indicated to be part of the Clade II. Importantly, the species from the two main clades identified by the CSIs and phylogenetic analyses also differ from each other with regard to another important biochemical or physiological signature i.e. the ability of these bacteria to use glucose as an energy source (Table 7 ). While the species from different genera that are part of Clade I are capable of fermenting glucose for growth, the species from Clade II genera are asaccharolytic and they are unable to utilize glucose as an energy source ( Table 7) . All of the above observations make a strong case for the division of the class Coriobacteriia into two main clades as indicated in Fig. 7 .
Phylogenetic analyses and the different CSIs identified in this work also independently support the division of Clade I of the class Coriobacteriia into two distinct clades. The genera Coriobacterium and Collinsella formed one clade supported by eight CSIs (Clade Ia), while the genera Atopobium and Olsenella formed the second clade supported by seven CSIs (Clade Ib) (Fig. 7) . Within Clade Ib, the species from the genus Atopobium did not form a monophyletic clade with Atopobium vaginae branching separately from the other two species of the genus Atopobium (Fig. 1a) .
Taking into consideration the branching of members of the class Coriobacteriia in phylogenetic trees, their glucose fermenting ability and, most importantly, the large numbers of CSIs that are specific for different clades, we propose division of class Coriobacteriia into two orders. The first of these orders which comprises the genera Coriobacterium, Collinsella, Atopobium and Olsenella will retain the name Coriobacteriales; for the second order containing the genera Slackia, Gordonibacter, Eggerthella, Paraeggerthella, Cryptobacterium, Adlercreutzia, Asaccharobacter, Enterorhabdus and Denitrobacterium, we propose the name Eggerthellales ord. nov. Additionally, we also propose division of the emended order Coriobacteriales into two families. The first family containing the genera Table 6 . CSIs which support alternative branching patterns for the class Coriobacteriia Sequence information for these CSIs is provided in the indicated supplementary figures. All of these CSIs are specific for the indicated species and similar CSIs were not detected in any other bacteria in the top 250 BLAST hits. del, Deletion; ins, insertion.
*The region of the specified protein which contains the indel.
Coriobacterium and Collinsella will retain the name Coriobacteriaceae, whereas for the second newly proposed family containing the genera Atopobium and Olsenella the name Atopobiaceae fam. nov. is proposed (Fig. 7) . The order Eggerthellales ord. nov. presently contains only a single family, Eggerthellaceae fam. nov. However, it is likely that this order will be divided into more families as sequence information for additional genomes for this group of species becomes available (Fig. 7) . It should be mentioned that the unclassified species Coriobacteriaceae bacterium JC110, in the new scheme branches within the order Eggerthellales and the family Eggerthellaceae. Hence, this species should be referred to as Eggerthellaceae bacterium JC110 rather than Coriobacteriaceae bacterium JC110. The formal descriptions of the newly proposed or emended orders and families are provided below. clade Ia Coriobacteriia (Table 5) 16 CSIs specific for clade I Coriobacteriia (Table 3) 24 CSIs specific for all sequenced (Table 2) Seven CSIs specific for clade Ib Coriobacteriia clade II Coriobacteriia (Table 4 ) Fig. 7 . A summary diagram depicting the different clades of the class Coriobacteriia that are distinguished in phylogenetic trees and based upon different identified CSIs. The proposed taxonomic names of these clades are also indicated. Currently, no sequence information for these CSIs is available for species from the genera Paraeggerthella, Adlercreutzia, Asaccharobacter, Enterorhabdus and Denitrobacterium. The placement of these genera into the Clade II is based on their branching in the 16S rRNA gene tree and their inability to ferment glucose.
Emended description of the class Coriobacteriia Kö nig 2012
The class contains the type order Coriobacteriales. The species from this class are Gram-stain positive rods or cocci that occur singly or in pairs. They do not form spores. All members, except for members of the genus Gordonibacter, do not possess flagella. Organisms within the class are strictly or facultatively anaerobic and may or may not ferment sugars. The DNA G+C content for members of the class ranges from 35 mol% to 67 mol%. This class of bacteria can be distinguished from all other species of the phylum Actinobacteria by the conserved signature indels described in this report in the following proteins: transcription termination factor NusA, methionine adenosyltransferase, adenylate kinase, DNA polymerase III subunit e, RNA-metabolizing metallo-b-lactamase, leucyltRNA synthetase, S-adenosyl-methyltransferase MraW, pyruvate phosphate dikinase, RluA family pseudouridine synthase, Obg family GTPase CgtA, protein translocase subunit secA, tRNA-dihydrouridine synthase B, 1-hydroxy-2-methyl-2-(E)-butenyl 4-diphosphate synthase, hypothetical protein COLAER_00981, GTP-binding protein HflX, histidyl-tRNA synthetase, type II/IV secretion system protein, type II secretion system protein E, Ribosomal protein S9, tRNA dimethylallyltransferase and hypothetical protein AvagD15_00561. Some signature nucleotides in the 16S rRNA that appear to be specific for this class of bacteria have also been described (base positions relative to Escherichia coli) 242 : 284 (C-G), 291 : 309 (C-G), 316 : 337 (U-G), 819 (A), 952 : 1229 (U-A) and 1115 : 1185 (C-G) (Zhi et al., 2009) .
Emended description of the order Coriobacteriales Stackebrandt et al. 1997 emend. Zhi et al. 2009 The order contains the family Coriobacteriaceae. The species from this order are saccharolytic, rods and cocci.
They do not from spores or flagella and are strictly or facultatively anaerobic. These organisms produce lactic acid, acetic acid, formic acid, ethanol and hydrogen as products of glucose fermentation. The DNA G+C content for members of the order ranges from 35 mol% to 65 mol%. The members of the order form a distinct clade in phylogenetic trees, and they are distinguished from all other members of the class Coriobacteriia by the conserved signature indels described in this report in the following proteins: methionine-tRNA ligase, RNA polymerase subunit b, hypothetical protein COLAER_01069, dihydroorotate oxidase B, DNA polymerase III subunit a, nucleotidyltransferase, isoleucyltRNA synthetase, S-adenosylmethionine tRNA ribosyltransferase-isomerase, glucosamine-1-phosphate N-acetyltransferase, glutathione-disulfide reductase, hypothetical protein COLAER_02185, hypoxanthine phosphoribosyltransferase, UDP-galactopyranose mutase, pyruvate phosphate dikinase and a family 2 glycosyltransferase. The nomenclatural type is the genus Coriobacterium.
Emended description of the family Coriobacteriaceae Stackebrandt et al. 1997 emend. Zhi et al. 2009 The family contains the type genus Coriobacterium and the genus Collinsella. The species from this family are saccharolytic rods. They do not from spores or flagella and are strictly anaerobic. These organisms produce lactic acid, formic acid, ethanol and hydrogen as products of glucose fermentation. The DNA G+C content for members of the family ranges from 60 mol% to 65 mol%. The species from this family form a distinct clade in trees, and they are distinguished from all other members of the class Coriobacteriia by the conserved signature indels described in this report in the following proteins: nucleotidyltransferase, hypothetical protein Corgl_0438, peptidase M24, 50S ribosomal protein S18P-alanine acetyltransferase, phosphoribosylformylglycinamidine cyclo-ligase, hypothetical Haas & König, 1988; Nagai et al., 2010; Wade et al., 1999) protein Corgl_1765, a P-type HAD superfamily ATPase and a YhgE/Pip N-terminal domain protein.
Description of the family Atopobiaceae fam. nov.
Atopobiaceae (A.to.po.bi.a.ce9a.e. N.L. neut. n. Atopobium type genus of the family; suff. -aceae ending to denote a family; N.L. fem. pl. n. Atopobiaceae the family of the genus Atopobium).
The family contains the type genus Atopobium and the genus Olsenella. The species from this family are saccharolytic rods and cocci. They do not from spores or flagella and are strictly or facultatively anaerobic. These organisms produce lactic acid, acetic acid, formic acid, ethanol and hydrogen as products of glucose fermentation. The DNA G+C content for members of the family ranges from 35 mol% to 64 mol%. The species from this family form a distinct clade in phylogenetic trees, and they are distinguished from all other members of the class Coriobacteriia by the conserved signature indels described in this report in the following proteins: class V aminotransferase, lysine-tRNA ligase, ppGpp synthetase I SpoT/ RelA, putative translation elongation factor G, DNA translocase FtsK, THUMP domain-containing protein and a CinA domain protein.
Description of the order Eggerthellales ord. nov.
Eggerthellales (Eg.ger.thel9la.les. N.L. fem. n. Eggerthella type genus of the order; suff. -ales ending to denote an order; N.L. fem. pl. n. Eggerthellales the order of Eggerthella).
The order contains the family Eggerthellaceae. The species from this order are asaccharolytic rods or cocci. They do not from spores. All members except members of the genus Gordonibacter do not form flagella. Organisms within the order are strictly anaerobic. The DNA G+C content for members of the order ranges from 50 mol% to 67 mol%. The species from this order form a distinct clade in phylogenetic trees, and they are distinguished from all other members of the class Coriobacteriia by the conserved signature indels described in this report in the following proteins: translation elongation factor Tu, adenylosuccinate synthase, methionine-tRNA ligase, UDP-N-acetylglucosamine 1-carboxyvinyltransferase, tRNA-guanine transglycosylase, excinuclease ABC subunit C, ATP synthase F1, putative permease yhhT and RNA polymerase subunit a. The nomenclatural type is the genus Eggerthella.
Description of the family Eggerthellaceae fam. nov.
Eggerthellaceae (Egg.er.thell.a.ce9ae. N.L. fem. n. Eggerthella type genus of the family; suff. -aceae ending to denote a family; Eggerthellaceae the Eggerthella family).
The family contains the type genus Eggerthella and the genera Adlercreutzia, Asaccharobacter, Cryptobacterium, Denitrobacterium, Enterorhabdus, Gordonibacter, Paraeggerthella and Slackia. The species of this family are asaccharolytic rods or cocci. They do not form spores. All members except for members of the genus Gordonibacter do not form flagella. Organisms within the family are strictly anaerobic. The DNA G+C content for members of the family ranges from 50 mol% to 67 mol%. The species from this family form a distinct clade in phylogenetic trees. The conserved signature indels for the family are the same as that of the order.
